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A b s t r a c t
Image R e g i s t r a t i o n u s u a l l y r e q u i r e s l a r g e amount of computation. A s i m i l a r i t y c o u n t i n g method u s i n g CAM i s p r o p o s e d here t o do image r e g i s t r a t i o n . T h i s method r e q u i r e s c o m p a r i s o n s p r o p o r t i o n a l t o t h e s i z e of the template image, which is much b e t t e r t h a t t h e 2-D c o r r e l a t i o n m e t h o d o r s e q u e n t i a l s i m i l a r i t y d e t e c t i o n method proposed by Barnea. The new a l g o r i t h m i s b a s e d on t h e simultaneous comparison between i n p u t s i g n a l and t h e comparant which i s a p i x e l from t h e t e m p l a t e image. A f u z z y comparison u s i n g CAM memory i s a l s o p r o p o s e d h e r e .
I t a l l o w s c o m p a r i s o n between s i g n a l s i n c e l l s and t h e comparant with s p e c i f i e d t o l e r a n c e . I n t r o d u c t i o n The C o n t e n t A d d r e s s a b l e Memory (CAM) is a c e l l s t r u c t u r e t h a t h a s a d d i t i o n a l l o g i c s a s compared t o r e g u l a r Random Access Memory (RAM). I t is p o s s i b l e t o l o a d i n t o and read from t h e c e l l as u s u a l . I n a d d i t i o n , it is p o s s i b l e t o
compare t h e c o n t e n t s of all c e l l s w i t h t h e cont e n t of a c o m p a r t a n t s i m u l t a n e o u s l y . Essent i a l l y , i t is a r e g u l a r s t r u c t u r e p a r a l l e l i n s p a c e w h i c h c a n b e u s e d t o implement many p a r a l l e l a l g o r i t h m s . The a d d i t i o n a l l o g i c s e x i s t i n g i n t h e c e l l s a r e comparators. For a s y s t o l i c array s t r u c t u r e t h e l o g i c a s s o c i a t e d w i t h t h e c e l l s c a n b e adders, m u l t i p l i e r s , and memory. Obviously, you can think t h e CAM s t r u ct u r e a s i n between t h e r e g u l a r RAM c e l l and t h e s y s t o l i c a r r a y c e l l a s f a r a s t h e f u n c t i o n capab i l i t y i s c o n c e r n e d . I n t h i s paper a p a r a l l e l a l g o r i t h m u s i n g CAM i s d e v e l o p e d t o do image r e g i s t r a t i o n . T h i s new a l g o r i t h m c a n o f f e r image r e g i s t r a t i o n w i t h o p e r a t i o n s on t h e CAM s t r u c t u r e i n number much smaller than t h e t r a d it i o n a l a p p r o a c h . T h i s new a l g o r i t h m a l s o o f f e r s f u z z y comparison t h a t means t h a t t h e template does n o t h a v e t o b e e x a c t l y t h e same a s t h e o b j e c t e x i s t i n g i n t h e searched images. I t makes t h i s new algorithm more p r a c t i c a l t h a n t h e conventional approach.
For s i m p l i c i t y t o d i s c u s s t h e c h a r a c t e ri s t i c s of t h e algorithm, l e t us c o n s i d e r a oned i m e n s i o n a l s i t u a t i o n . T o f i n d t h e t e m p l a t e s i g n a l g ( x ) of s e q u e n c e l e n g t h M i n a s i g n a l f ( x ) of l e n g t h N, c o r r e l a t i o n method is u s u a l l y adopted. To p e r f o r m t h e c o r r e l a t i o n of g ( x )
U.S. Government Work. Not protected by U.S. copyright. U s i n g t h e p r o p o s e d s i m i l a r i t y c o u n t i n g method i n CAM s t r u c t u r e o n l y M comp a r i s o n s a r e r e q u i r e d t o o b t a i n t h e a n s w e r . T h i s w i l l b e e x p l a i n e d i n more d e t a i l l a t e r . 
E s s e n t i a l l y , i n s t e a d o f c a l c u l a t i n g m u l t i p l y and add o p e r a t i o n s f o r a l l t h e p o i n t s , i t c a l c u l a t e s t h e a b s o l u t e d i f f e r e n c e f o r a l l p o i n t s and sums up t h e t o t a l . I f t h e t e m p l a t e i s s u f f i c i e n t l y d i f f e r e n t from t h e s i g n a l , t h e s u m can quickly accumulate t o l a r g e v a l u e s . I t i s even p o s s i b l e t o a v o i d c o m p l e t i n g t h e sum o p e r a t i o n s i f t h e p a r t i a l r e s u l t e x c e e d s c e r t a i n t h r e s h o l d .
The algorithm proposed h e r e is derived f u r t h e r from t h e B a r n e a ' s a l g o r i t h m where a b s o l u t e d i f f e r e n c e i s n o t p e r f o r m e d . I n s t e a d , it is p o s s i b l e t o u s e a CAM s t r u c t u r e t o d o p o i n t p a i r c o m p a r i s o n s s i m u l t a n e o u s l y over a l l p a i r s i n s p a c e . If t h e v a l u e of t h e t e m p l a t e i s c l o s e t o t h e value a t a p o i n t , t h e output of t h e CAM can be considered a s a c o u n t , Then, t h e n e x t comparison v a l u e from template is loaded i n t o t h e CAM, and t h e comparison o v e r a l l p o i n t s i n s p a c e i s a g a i n a c t i v a t e d . By analyzing t h e sequence of counts it i s p o s s i b l e t o r e a r r a n g e a n d a c c u m u l a t e t h e s e c o u n t s t o g e t h e r . T h e g r o u p of p o i n t s i n s p a c e most s i m i l a r t o t h e t e m p l a t e w i l l have t h e l a r g e s t c o u n t a t t h e end. T h i s k i n d o f s i m i l a r i t y c o u n t i n g c a n a c h i e v e t h e same r e s u l t s a s the c o r r e l a t i o n s m e t h o d a n d t h e S e q u e n t i a l S i m i l a r i t y Detection Method. Due t o t h e n a t u r e of t h e o p e r a t i o n s involved, t h e proposed method is c a l l e d s i m i l a r i t y counting method.
T h e r e a r e s e v e r a l p o s s i b l e ways t o implement t h e count s h u f f l i n g and accumulation. One way i s t o u s e s h i f t r e g i s t e r and a d d e r a c t ivated by a c o n t r o l l e r . The o t h e r way c a n u s e b i t -s l i c e m i c r o p r o c e s s o r w i t h ALU c a p a b i l i t y . There a r e some a d d i t i o n a l s h u f f l i n g work due t o t h e 2 -D t e m p l a t e m a t c h i n g o p e r a t i o n s . For example, i n t h e count a c c u m u l a t i o n p r o c e s s t h e s h u f f l i n g i s no l o n g e r a s i m p l e one p o s i t i o n s h i f t . The d i s t a n c e of t h e s h i f t i s d e p e n d e n t on t h e t e m p l a t e s p a t i a l extend. The 
One o f t h e i m p o r t a n t a s p e c t s in t h e new s i m i l a r i t y c o u n t i n g method i s b a s e d on t h e c a p a b i l i t y t o do fuzzy comparisons between c e l l c o n t e n t s and t h e comparant c o n t e n t . W e prop o s e d t o u s e t h e b i t e n a b l e m a s k t o a c h i e v e t h i s kind of c a p a b i l i t y . The CAM c e l l s u s u a l l y h a v e a mask e n a b l e r e g i s t e r . If 
., M-1. Assume t h a t there is no need t o worry a b o u t t h e a p e r i o d i c c o r r e l a t i o n . A c y c l i c c o r r e l a t i o n of f ( x ) w i t h g ( x ) is good enough t o i n d i c a t e t h e e x i s t e n c e o f t h e o b j e c t i n t h e input. f ( x )
= f ( x ) , x = 0 , 1 , ..., L-1 ( 1 ) c
o n s t r u c t a p e r i o d i c ge(X) =ge(x+nL); where n
is an i n t e g e r .
g ( x ) , x = 0 , 1 , ..., M-1 ge(x) ' I, 
Step 1:
S t e p 2:
Step 3:
S h i f t operation i n p u t sequence f(o),f(l),f(2),..,f(L-l) template sequence s h i f t e d by one p o s i t i o n g(O), g ( l ) , ..., g(M-1)
Operate and accumulate
where: P is a multiply operator
Assign t h e sum t o output sequence h ( x ) h ( 1 ) : = sum a d d o p e r a t i o n i n t h e s t e p s f o r e a c h o u t p u t point. A t o t a l o f M*L m u l t i p l y -a d d o p e r a t i o n i s r e q u i r e d t o g e t t h e c o r r e l a t i o n sequence.
B a s i c a l l y , it is an c?xpansive operation. T h e " o p e r a t e and accumulateTf w i l l be applied t o a l l t h e p o i n t pair:, in t h e o v e r l a p p e d a r e a between f ( x , y ) and j3(x,y). The accumulated sum is assigned t o t h e output s e q u e n c e h ( x , y ) . A s
I f t h i s f o r m u l a t i o n i s e x t e n d e d t o a two

is o b v i o u s t h a t t h e t o t a l o p e r a t i o n t o o b t a i n h ( x , y ) i s L2*M2 m u l t i p l y and add o p e r a t i o n s . F o r a n i n p u t i m a g e of 400x400 p i x e l s and a template image of 56x52 p i x e l s , t h e c o r r e l a t i o n r e q u i r e d a t y p i c a l e x e c u t i o n time of two t o three hours (10,000 s e c ) a p p r o x i m a t e l y on t h e VAX11/750. A t t h e e n d , examine a l l p o s s i b l e l o c a l maximum l o c a t i o n s in t h e c o r r e l a t i o n image p l a n e . Those are t h e p l a c e s where t h e image s i g n a l i s most s i m i l a r t o t h e t e m p l a t e i m a g e . B a r n e a r e c o g n i z e d t h i s c o m p u t a t i o n d i f f i c u l t y and p r o p o s e d a d i
f f e r e n t o p e r a t i o n in s t e p 2 w h i c h i s l e s s e x p a n s i v e t h a n t h e m u l t i p l y . The o p e r a t i o n i n s t e p 2 o f t h e l q s e q u e n t i a l s i m i l a r i t y d e t e c t i o n method" is the a b s o l u t e d i f f e r e n c e operation, i.e:
I n s t e a d o f p e r f o r m i n g multiply, doing a b s o l u t e d i f f e r e n c e s a v e s some time. If t h e image p i x e l a t x i s s i m i l a r t o t h e t e m p l a t e p i x e l a t x+n, cummulated a b s o l u t e d i f f e r e n c e w i l l b e small. T h e o r i g i n a l a p p r o a c h o f f i n d i n g t h e l o c a l maximums in t h e c o r r e l a t i o n f u n c t i o n becomes f i n d i n g t h e l o c a l minimums i n t h e output image p l a n e . Barnea a l s o r e c o g n i z e d t h a t i f a t a c e r t a i n p o s i t i o n tine i n p u t image is very d i ff e r e n t from t h e template image, t h e acummulated sum g r o w s q u i c k l y . , I f i t e x c e e d s a c e r t a i n t h r e s h o l d , i t is a d v a n t a g e o u s t o a b o r t t h e I f o p e r a t e a n d s t e p p r e m a t u r e l y . Onoe h a s improvedl t h e a l g o r i t h m t o a l l o w Automatic t h r e s h o l d s e t t i n g s so t h a t t h e t o t a l number o f o p e r a t i o n s p e r f o r m e d was f u r t h e r reduced 121.
A new a p p r o a c h c a l l e d S i m i l a r i t y counting a l g o r i t h m i s p r o p o s e d h e r e w h i c h c a n a l l o w I n s e q u e n t i a l a l g o r i t h m s t h e above s t e p s are i m p l e m e n t a t i o n i n p a r a l l e l nardware. However, performed f o r a l l t h e samples i n t h e o u t p u t t h e new a l g o r i t h m c a n a l s o b e implemented i n s e q u e n c e . Therefore, there a r e t h e M multiplys e q u e n t i a l s o f t w a r e s i m i l a r t o t h e s i m i l a r i t y d e t e c t i o n method d e s c r i p t i o n mentioned above. The o p e r a t i n i n s t e p 2 can b e generalized t o a comparison o p e r a t i o n . There c a n be t h e e x a c t c o m p a r i s o n o r t h e c o m p a r i s o n w i t h t o l e r a n c e . The exact comparison operator Po can b e d e f i n e d as :
The c o m p a r i s o n o p e r a t o r P t o w i t h t o l e r a n c e t is then:
I n t h i s approach t h e operation has been f u r t h e r reduced t o a comparison o p e r a t o r t h a t y i e l d s b i n a r y r e s u l t s . The sum o p e r a t i o n is then t h e counting of t h e comparison r e s u l t s . S i m i l a r t o t h e c o r r e l a t i o n method, t h e answer is found t o b e t h e l o c a l maximums i n t h e o u t p u t i m a g e p l a n e , which i s i n t h e o p p o s i t e s i t u a t i o n as t h e s e q u e n t i a l s i m i l a r i t y d e t e c t i o n m e t h o d . T h i s approach avoids any a l g e b r a i c c a l c u l a t i o n s and r e q u i r e s o n l y l o g i c a l c o m p a r i s o n s . I f i t i s implemented i n s e q u e n t i a l software, it can a l s o h a v e a l l t h e a d v a n t a g e s p r o p o s e d i n B a r n e a ' s and Onoe's t e c h n i q u e s . The approach of s i m i l a r i t y c o u n t i n g w i t h t o l e r a n c e s h o u l d have a d d i t i o n a l advantages t h a t make t h e technique more o r i e n t a t i o n i n d e p e n d e n t and s c a l e i n d e p e n d e n t . From t h e t e s t r e s u l t s o f t h e simulated algorithm i n s o f t w a r e e v i d e n c e shows t h o s e advantages. The new approach a l s o allows better r e g i s t r a t i o n of images and t h e t e m p l a t e w i t h d i f f e r e n t g r a y t o n e biases. The r e s u l t s showed t h a t i f t h e r e i s p r i o r k n o w l e d g e o r e s t i m a t e a b o u t t h e t o n e b i a s o r g e o m e t r i c d i s t o r t i o n , i t ' s p o s s i b l e t o s e l e c t a n a p p r o p r i a t e t o l e r a n c e t o m i n i m i z e t h e miss r e g i s t r a t i o n i n t h e r e s u l t . T h e r e f o r e , t h e new t e c h n i q u e I n many r e s p e c t s i s c o m p a r a b l e o r s u p e r i o r t o t h e c o r r e l a t i o n m e t h o d a n d t h e s e q u e n t i a l s i m i l a r i t y d e t e c t i o n method.
Conclusion
I n t h i s p a p e r , t h e d e t a i l s o f t h i s s i m i l a r i t y c o u n t i n g m e t h o d u s i n g C A M a r e d i s c u s s e d . I t e x p l a i n s why t h e new method can a c h i e v e much b e t t e r e x e c u t i o n time t h a n t h e c o n v e n t i o n a l a p p r o a c h . The new method a l s o a l l o w s f u z z y c o m p a r i s o n between t h e t e m p l a t e and t h e s i g n a l . The comparison c o u n t i n g are merged p r o p e r l y t o reach a c o n c l u s i o n . T h i s a s p e c t of merging e v i d e n c e h a s a more general c o n t e x t and i m p l i c a t i o n t h a n t h e a p p l i c a t i o n considered here.
